A B S T R A C T Serum immunoreactive parathyroid hormone (IPTH) was measured by radioimmunoassay in 54 patients with primary hyperparathyroidism and in 18 consecutive patients with ectopic hyperparathyroidism due to nonparathyroid cancer without apparent skeletal metastasis. Although serum calcium concentration was higher in the group with ectopic hyperparathyroidism, serum IPTH was lower (rank sum test, P < 0.001) and was undetectable in eight. A second anti-PTH antiserum also differentiated between IPTH in the two groups, although IPTH was undetectable in only 1 of 14 sera. When IPTH values in serial dilutions were plotted, slopes for the two patients with ectopic hyperparathyroidism who had relatively high IPTH were less (P < 0.001) than slopes for standard hyperparathyroid sera. By using differences in either IPTH rank or slope of the dilutional curve of sera, primary hyperparathyroidism could be excluded as a cause of the hypercalcemia in 16 of the 18 patients with ectopic hyperparathyroidism. The data are interpreted as indicating that PTH-like material in the serum of these patients with ectopic hyperparathyroidism is immunologically different from the PTH in the serum of patients with primary hyperparathyroidism.
INTRODUCTION
In patients with nonparathyroid cancer and no apparent skeletal metastasis, a syndrome with all the biochemical This work was presented in part at the Meeting of the Central Society for Clinical Research, Chicago, Ill., 6 November 1970.
Received for publication 7 December 1970 and in revised form 17 March 1971. characteristics of primary hyperparathyroidism may develop (1) . This syndrome is only slightly less common than primary hyperparathyroidism and is, in all likelihood, due to ectopic synthesis and secretion of an excess of a parathyroid hormone-like (PTH-like) substance by the tumor (2) (3) (4) .
Increased concentrations of immunoreactive parathyroid hormone (IPTH)1 in serum have been reported in both primary (5) and ectopic (3, 4, 6) hyperparathyroidism, as well as in some normocalcemic patients with bronchogenic carcinoma (5) . Hence, direct measurement of IPTH has been thought to be valueless in separating these two conditions (6, 7) .
The antiserum used in our laboratory for the measurement of IPTH in serum (8) appears to distinguish between the immunoreactive material in primary hyperparathyroidism and that in ectopic hyperparathyroidism. Because of this, we have been able to exclude primary hyperparathyroidism as a cause of hypercalcemia in 16 of 18 consecutive patients who had the syndrome of ectopic hyperparathyroidism without apparent skeletal metastasis.
METHODS
We studied 54 patients with surgically proved primary hyperparathyroidism and 18 patients with nonparathyroid cancer. The latter patients had the previously described (1) biochemical characteristics of the syndrome of ectopic hyperparathyroidism including hypercalcemia, low-normal or low serum phosphorus, and no clinical or roentgenographic evidence of bone metastasis. Blood urea nitrogen or serum creatinine concentrations were normal or only slightly in-'Abbreviations used in this paper: B/F, bound-to-free ratio; bPTH, 'I-labeled bovine parathyroid hormone; IPTH, immunoreactive parathyroid hormone. creased. In these 18 patients, the tumors were hypernephroma in 5, bronchogenic carcinoma in 5, hepatoma in 4, pancreatic acinar carcinoma in 2, lymphoma in 1, and carcinoma of the penis in 1.
Serum calcium was measured by atomic absorption flame spectrophotometry (normal, 8.9-10.1 mg/100 ml) and serum phosphorus by an automated version of the Fiske and Subbarow technique (9) (normal, 2.5-4.5 mg/100 ml). IPTH was measured by the radioimmunoassay system of Arnaud, Tsao, and Littledike (8) which uses guinea pig anti-porcine-PTH antiserum (GP-1 M, 1: 75,000 final dilution), 'Ilabeled bovine PTH (bPTH), and human hyperparathyroid serum as a standard; dextran-coated charcoal is used to separate antibody-bound from "free" PTH-'I. The coefficient of interassay variation of replicate determinations was 12%o. Dilutional curves with sera from patients with primary hyperparathyroidism with or without renal disease were superimposable on those from patients with secondary hyperparathyroidism due to renal failure or intestinal malabsorption. IPTH was measurable in 94% of the 51 normal sera tested; it correlated inversely with the serum calcium concentration and ranged between undetectable and 37 /Al Eq/ml. Serum IPTH was undetectable in 10 patients with surgical hypoparathyroidism. By using IPTH and serum calcium simultaneously as linear discriminant functions, normal patients could be separated from patients with primary hyperparathyroidism with no overlap.
Sera also were assayed for IPTH with a chicken antibPTH antiserum (CH-14 M, 1: 3,000 final dilution). In general, this radioimmunoassay was less sensitive than the one using GP-1 M (8).
RESULTS
Serum concentrations of calcium, phosphorus, and IPTH for the two groups are compared in Table I . Hypercalcemia was less severe in primary hyperparathyroidism. Mean serum phosphorus concentrations were similar in the two groups and were significantly (P <0.01) below the normal mean (10) . In primary hyperparathyroidism, log IPTH was related to serum calcium (r = 0.73, P < 0.001). In ectopic hyperparathyroidism, IPTH was undetectable in 8 of 18 sera and did not correlate with serum calcium. Linear discriminant analysis (11), using IPTH and serum calcium simultaneously, separated the two groups (at any serum calcium value, IPTH was lower in the ectopic group) with an overlap of only three patients-two with ectopic and one with primary hyperparathyroidism ( Fig. 1 ).
When the IPTI4 assay was repeated using anti-bPTH antiserum and sera from 14 patients in the ectopic group and 14 patients in the primary group, the patients were selected so that serum calcium concentrations were similar in both groups. IPTH again was lower in the ectopic group (P < 0.01). Antiserum CH-14 M was less sensitive than GP-1 M because it detected IPTH in only 50% of normal sera. However, this antiserum was more sensitive than antiserum GP-1 M in detecting IPTH in ectopic hyperparathyroidism because in only one of the sera was IPTH undetectable (Fig. 2) .
In the present study, all sera were examined in duplicate and, when possible, in three dilutions. By plotting the log of serum dilution used in the assay system vs. the corresponding bound-to-free (B/F) ratio, curves could be constructed for all primary hyperparathyroid sera. Each of these curves appeared to be parallel with the curve obtained using standard hyperparathyroid serum (8) . In contrast, in sera from patients with ectopic hyperparathyroidism, IPTH was usually too low to permit this test of parallelism; however, the IPTH values were sufficiently high in two patients so that dilutional curves complete enough for statistical testing could be constructed using antiserum GP-1 M. The slopes of fitted straight lines of these two dilutional curves were similar to each other but were significantly (P < 0.001) Serum calcium, mgAoo ml FIGURE 2 Relationship between serum IPTH (reassayed using antiserum CH-14 M) and serum calcium in 14 patients with primary (0) and in 14 patients with ectopic hyperparathyroidism (0). The latter 14 patients were selected so that the serum calcium concentrations in the two groups were approximately the same. IPTH values were lower in the ectopic group. However, this antiserum apparently recognized IPTH in ectopic hyperparathyroidism better than did antiserum GP-1 M since IPTH was undetectable in only one of the sera.
less than the slope of a dilutional curve of standard hyperparathyroid serum (Fig. 3) .
Although the apparent IPTH values are empirically useful in diagnosis, the nonparallelism of the dilutional curves indicates that, for patients with ectopic hyperparathyroidism, it probably is not appropriate to report IPTH in terms of equivalent concentrations of standard hyperparathyroid serum. For this reason, we compared sera from patients with primary or ectopic hyperparathyroidism in terms of relative immunoreactivity without reference to a standard preparation. Unknown sera were successively ranked according to their ability to produce a decrease of the B/F ratio at a given dilution of serum. The lowest rank was assigned to that serum which produced the least decrease in B/F in the lowest dilution while the highest rank was assigned to that serum which produced the largest decrease in B/F in the highest dilution that was studied. By this ranking system and the rank sum test (12) , IPTH differed significantly between the two groups (P < 0.001). 14 of the 18 patients with cancer had ranks lower than those for any of the 54 patients with primary hyperparathyroidism.
DISCUSSION
Our results show that a high proportion of patients with ectopic hyperparathyroidism syndrome without apparent bone metastasis can be differentiated by immunologic means from patients with primary hyperparathyroidism. On the basis of low relative PTH immunoreactivity, all but four of the former could be separated from the latter. Also, two of these four patients appeared to be identifiable immunologically because the slopes of the dilutional curves of their sera were significantly less than the slopes of dilutional curves of standard, primary hyperparathyroid sera and therefore less than the slopes of dilutional curves of the 54 patients with primary hyperparathyroidism.
The biochemical findings in these patients leave little doubt that a biologically active PTH-like material was present in the serum in high concentration. Marked hypercalcemia was observed in the absence of demonstrable bone metastasis and, unlike hypercalcemia in association with bone metastasis, serum phosphorus concentrations were decreased to the level expected in primary hyperparathyroidism. Additionally, PTH immunoreactivity was present in all but one serum from patients in the ectopic group tested with CH-14 M antiserum whereas it was markedly suppressed or undetectable in. normal subjects with comparable degrees of hypercalcemia induced with calcium infusions (8) .
Berson and Yalow (13) first reported that PTH in hyperparathyroid plasma is immunoheterogeneous and that different antisera to PTH may have varying affinities for different immunoreactive PTH components. Our experience with the two antisera used in this study Jul serum FIGURE 3 Plots of log of dilution of serum used in assay system (antiserum GP-1 M) versus corresponding boundto-free ratio for standard hyperparathyroid serum (A) and for sera from two patients (B and C) with ectopic hyperparathyroidism who had relatively high PTH immunoreactivity with antiserum GP-1 M. To control possible nonspecific effects, sufficient hypoparathyroid serum was added so that all tubes had an equal serum content. Slopes of fitted straight lines for dilutional curves B and C were significantly (P < 0.001) less than slope of dilutional curve
support their (13) (3) showed that the dilutional curve with serum from a patient with hypercalcemia associated with bronchogenic carcinoma was similar to that obtained with standard gland-extracted bPTH. However, in a study of 26 patients with cancer (20 were normocalcemic; 6 were hypercalcemic and 2 of these had a clear-cut ectopic hyperparathyroidism syndrome) Roof, Carpenter, Fink, and Gordan (14) found that the more sensitive of their two antisera failed to recognize IPTH in the sera of 11 of these 26 patients, but IPTH could be detected in these patients using the other antiserum.
We interpret our data as indicating that the predominant immunoreactive material present in the serum of most patients with primary hyperparathyroidism is similar to but not structurally identical with the PTH present in the serum of patients with primary hyperparathyroidism. It is possible that the primary structure of the "PTH" secreted by cancer These considerations suggest that cancer cells may produce a PTH precursor but lack the ability to convert it to the secreted species of PTH. Proof of this hypothesis will require either the demonstration of immunochemical identity of the circulating immunoreactive material in ectopic hyperparathyroidism with a precursor molecule found in parathyroid tissue or the demonstration in vitro that cultured cancer tissue removed from patients with the syndrome secretes the precursor but not the secreted species of PTH.
Regardless of the biochemical nature of this PTH-like material, a means for immunologically differentiating most patients with hyperparathyroidism due to nonparathyroid cancer from those with primary hyperparathyroidism is of great clinical value.
